Introduction {#sec1_1}
============

Malignant tumors are staged according to the TNM system as published by the American Joint Committee of Cancer (AJCC) and the Union International Contre le Cancer (UICC) \[[@B1]\]. In the case of any distant metastasis, regardless of the amount and the overall tumor burden, the cancer is classified as stage IV. This does not take into account that metastases may be limited to certain sites (oligometastatic) in contrast to being spread around the entire body (diffuse).

Oligometastases {#sec1_2}
===============

The concept of oligometastatic disease is an evolving disease status. Its first nomination dates back to the year 1995 \[[@B2]\]. There is no doubt that the knowledge of tumor biology was still much less advanced at this time point. However, the authors proposed the existence of a clinically significant state of oligometastasis. They hypothesized that in oligometastatic disease -- despite the existence of distant metastases -- locoregional treatment can achieve cure: 'An attractive consequence of the presence of a clinically significant oligometastatic state is that some patients so affected should be amenable to a curative therapeutic strategy'. Another very interesting statement in this first attempt to define 'oligometastases' is the following: 'As effective chemotherapy becomes more widely applicable, there should be another group of patients with oligometastases. These are patients who had widespread metastases that were mostly eradicated by systemic agents, the chemotherapy having failed to destroy those remaining because of the number of tumor cells, the presence of drug-resistant cells, or the tumor foci being located in some pharmacologically privileged site'. What does this mean to us today, almost 20 years after the introduction of the oligometastatic state? First, we should critically revise our current understanding of stage IV cancer. The TNM classification induces an understanding of distinct tumor stages with separate phenotypes and a different prognosis. This is probably not the whole truth. It may be more appropriate to regard tumor spread as a multistep process reaching from very limited localized disease to truly systemic disease. The multiple phenotypes occurring in this multistep process are reaching from the one extreme to the other. This process could be more adequately called the 'metastatic cascade' (fig. [1](#F1){ref-type="fig"}). Recently published experimental data indicate that metastatic spread may take place as early as when the first premalignant precursors of an epithelial cancer develop. This has been demonstrated in an experimental pancreatic cancer model \[[@B3]\]. Multiple mechanisms are involved in the shift from localized disease to systemic disease, like evasion of tumor cells, survival of cancer cells in the circulation, seeding and invasion in the periphery, angiogenesis, and immune escape \[[@B4],[@B5]\]. Heterogeneity is another important emerging process that goes along with tumor evolution \[[@B6],[@B7]\]. The understanding of a 'metastatic cascade' matches with our experience that not all localized cancers are cured with local treatment alone while many presumably localized cancers relapse with distant metastases and need additional (adjuvant) chemotherapy in order to fight micromet-astatic disease from the beginning. Likewise, some cancers with overt macroscopic distant metastases benefit from local treatment and may even be cured if resection, radiation, or ablation techniques are applied, with or without chemotherapy. The effectiveness of chemotherapy is hampered by tumor dormancy, epithelial-mesenchymal transition (EMT) and stemcellness (which may in part be addressed and overcome in the future by new drugs that are currently being developed), but is also caused by clonal evolution and increasing heterogeneity in disseminated stages (fig. [1](#F1){ref-type="fig"}).

At present, it is one of the most delicate tasks in clinical oncology to decide when local treatment in metastatic stages makes sense and is indicated. For this reason, we should direct our focus toward methods and markers that help distinguish oligometastatic disease stages from advanced tumor spread. Investigations of the prevalence, mechanism of occurrence, and position in the metastatic cascade, as well as the determination of molecular markers to distinguish oligometastatic from polymetastatic disease, are ongoing \[[@B5]\]. The importance of the oligometastatic state will be dependent on the size of the group of patients for whom it offers curative prospects. Although the notion of there being some patients with limited metastases is recognized, it is thought to be quite uncommon. What is important in oligometastasis is the recognition that it is not just a stochastic oddity but rather based on a state of limited metastatic capacity and a characteristic of many tumors during their clinical evolution. Most importantly, while efforts are being made to determine its extent, recognition of the existence and implications of a state of oligometastasis is necessary to invite active clinical investigation of new and potentially curative therapeutic strategies \[[@B2]\].

Resection of the Primary Tumor {#sec1_3}
==============================

Most patients who die of cancer do so because of metastatic disease, and therefore removal of the primary tumor in patients who already have evidence of metastasis seems illogical, at least in the absence of symptoms caused by the primary tumor. Many thoughtful oncologists have asked, 'What is the point of closing the barn door once the horse has bolted?', in the belief that subjecting patients with incurable disease to the risks involved in unnecessary surgery is a poor medical decision \[[@B8]\].

Experience from Renal Cancer {#sec2_1}
----------------------------

A crucial question is whether resection of the primary tumor confers a better prognosis. The only disease where this has been studied in randomized controlled trials is metastatic renal cell cancer \[[@B9],[@B10]\]. The larger of the two studies showed that the median survival of 120 eligible patients assigned to surgery followed by interferon was 11.1 months, while among the 121 eligible patients assigned to interferon alone it was 8.1 months (p = 0.05). The difference in median survival between the two groups was independent of performance status, metastatic site, and the presence or absence of a measurable metastatic lesion \[[@B9]\]. The smaller of the two studies that was recruited by the European Organization for Research and Treatment of Cancer (EORTC) Genitourinary Group confirmed these results \[[@B10]\]. In conclusion, resection of the primary followed by systemic therapy resulted in longer survival among patients with metastatic renal cell cancer compared to systemic therapy alone. The reasons for this observation are largely unknown.

Experience from Colorectal Cancer {#sec2_2}
---------------------------------

Can the observations from renal cell cancer be transferred to metastatic colorectal cancer? Data from the Surveillance, Epidemiology and End Results (SEER) data registry of the National Cancer Institute indicate a better overall survival (OS) after primary tumor resection compared with a conservative strategy \[[@B11]\]. The authors state that 'the proportion of patients undergoing resection depends on patient age and race and the anatomical location of the primary tumor. The degree to which case selection explains the treatment and survival differences observed is not known'. Clearly, more detailed information from prospective trials is warranted.

The Dutch Colorectal Cancer Group analyzed retrospectively the outcome of stage IV colorectal cancer patients with or without resection of the primary tumor treated in the phase III CAIRO and CAIRO-2 studies \[[@B12]\]. In these two studies, 258 and 289 patients had undergone a primary tumor resection, and 141 and 159 patients had not. In the CAIRO study, a significantly better median OS and progression-free survival (PFS) were observed for the resection compared to the non-resection group, with 16.7 vs. 11.4 months (p \< 0.0001; hazard ratio (HR) 0.61), and 6.7 vs. 5.9 months (p = 0.004; HR 0.74), respectively. In the CAIRO-2 study, median OS and PFS were also significantly better for the resection compared to the non-resection group, with 20.7 vs. 13.4 months (p \< 0.0001; HR 0.65) and 10.5 vs. 7.8 months (p = 0.014; HR 0.78), respectively. These differences remained significant in multivariate analyses. Although this publication dealt with stage IV colorectal cancer, it did not specifically analyze the situation of synchronous metastases. This is the strength of a recent French publication from the Fédération Francophone de Cancérologie Digestive (FFCD) 96-01 study \[[@B13]\]. Among the 294 patients with non-resectable colorectal metastases enrolled in the FFCD 96-01 phase III trial which compared different first-line single-agent chemotherapy regimens, 216 (73%) patients presented with synchronous metastases at study entry and constituted the study population. Potential baseline prognostic variables including prior primary tumor resection were assessed by univariate and multivariate Cox analyses. Among the 216 patients with stage IV colorectal cancer, 156 (72%) patients had undergone resection of their primary tumor prior to study entry. The resection and non-resection groups did not differ in terms of baseline characteristics except for primary tumor location: rectal cancers were more often not resected: 14 versus 35% (p = 0.0006). In a multivariate analysis, resection of the primary was the strongest independent prognostic factor for PFS (HR 0.5; 95% confidence interval (CI) 0.4-0.8; p = 0.0002) and OS (HR 0.4; CI 0.3-0.6; p \< 0.0001). Both median PFS (5.1 (4.6-5.6) versus 2.9 (2.2-4.1) months; p = 0.001) and OS (16.3 (13.7-19.2) versus 9.6 (7.4-12.5); p \< 0.0001) were significantly higher in the resection group. The authors conclude that 'resection of the primary tumor may be associated with longer PFS and OS in patients with stage IV colorectal cancer starting first-line, single-agent chemotherapy'. In conclusion, the Dutch and the French retrospective analyses from prospective randomized trials support the hypothesis that resection of the primary tumor in the case of distant metastases may improve PFS and OS. The reason for this potential difference is unknown. This clinical research question merits prospective investigation.

For the situation of synchronous metastatic colorectal cancer, two randomized controlled trials with a comparable design are currently recruiting patients in Europe: SYNCHRONOUS is recruiting patients in Germany while CAIRO-4 is active in the Netherlands \[[@B14]\].

The published data indicate that at present the severity of symptoms should determine the strategy in metastatic colorectal cancer. If severe symptoms result from the primary tumor, local treatment (colostomy, radiation, stenting, or resection) is usually administered upfront. The choice of local treatment is tailored to the individual needs. In patients without symptoms from the primary tumor or with far advanced metastatic disease or with severe symptoms from metastatic disease, primary systemic treatment should be given first. Figure [2](#F2){ref-type="fig"} illustrates the strategy followed at the University Cancer Center of Leipzig. This practical algorithm may reflect one preferred strategy in cancer centers in Europe.

Cytoreduction and Ablation of Metastases {#sec1_4}
========================================

The macroscopically visible parts of cancer can be seen as being only the tip of the iceberg \[[@B15]\]. From this perspective, it seems unlikely that any local destruction technique may substantially improve the prognosis of patients with metastatic disease.

Experience from Epithelial Ovarian Cancer {#sec2_3}
-----------------------------------------

However, in some diseases, especially in advanced epithelial ovarian cancer, a debulking strategy is regarded as standard of care, at least when a macroscopically near-tumor-free status can be achieved \[[@B16]\]. Surgical debulking should be generally followed by systemic chemotherapy in order to postpone progression. In recent years, the concept of neoadjuvant chemotherapy and interval debulking has been studied as an emerging concept. It may help to achieve the goal of optimal surgical cytoreduction in more advanced epithelial ovarian cancer \[[@B17]\]. Neoadjuvant chemotherapy should not be an easy way out, but is in some patients with stage IIIc or IV ovarian cancer a better alternative treatment option than primary debulking \[[@B18]\].

One can argue that surgical cytoreduction in ovarian cancer is not a blueprint for other malignant diseases. Although often diagnosed in advanced stages, ovarian cancer has a tendency to limit itself to the peritoneal cavity for quite a long time which makes it a candidate for locoregional interventions, including intraperitoneal chemotherapy \[[@B19]\]. However, recent results have shown that patients with malignant diseases of gastrointestinal origin may also benefit from peritonectomy which is often combined with hyperthermic intraperitoneal chemotherapy (HIPEC) \[[@B20]\]. This is particularly true for mucinous appendiceal cancer (for which no effective systemic chemotherapy is available), for colorectal cancer with predominant peritoneal metastases and a peritoneal carcinomatosis index (PCI) of less than 21, and -- with much more reservation -- for gastric cancer with peritoneal metastases as long as the PCI does not exceed 8-10. Due to the high prevalence of hematogenous metastases and the existence of relatively active drugs, peritoneal cytoreduction and HIPEC should generally be combined with systemic chemotherapy in gastrointestinal cancers.

Experience from Gastrointestinal Cancer {#sec2_4}
---------------------------------------

The value of locoregional treatment has also been investigated in malignant diseases with hematogenous spread. This is particularly true for colorectal cancer in which the splanchnic drainage of tumor cells goes via the portal vein to the liver \[[@B21]\]. The liver acts as a first filter. Tumor cells seed there and often remain there without further spread to other organs.

Experience with liver surgery in colorectal cancer has shown that superior outcomes can be achieved with liver resections \[[@B22]\]. Resections in metastatic disease can or should be combined with perioperative chemotherapy \[[@B23],[@B24]\] while the role of biologics is largely unknown \[[@B25]\]. It has been known for 15 years that 'conversion chemotherapy' can augment the rate of liver resections and other local treatments \[[@B26],[@B27]\]. In recent years, induction chemotherapy is often combined with therapeutic antibodies, yielding higher response rates than chemotherapy alone and acceptable survival outcomes \[[@B28],[@B29]\].

Nowadays, a variety of ablation and other local treatment modalities (including transarterial chemoembolization and selective internal radiotherapy) are available and are increasingly being used to treat visceral tumor dissemination to the liver and other organs. These physical methods that may improve outcome in cancer are interesting \[[@B30]\]; however, the evidence for physical treatment improving survival outcomes is still scarce. The only study that evaluated systematically the integration of local ablation techniques, especially radiofrequency ablation (RFA), in the management of metastatic colorectal cancer is the EORTC intergroup randomized study 40004 (CLOCC trial) \[[@B31]\]: This phase II study, originally started as a phase III design, randomly assigned 119 patients with non-resectable colorectal liver metastases to either systemic treatment (n = 59) or systemic treatment plus RFA (± resection) (n = 60). The primary objective was a 30-month OS rate of \>38% for the combined treatment group. The primary end point has been met, the 30-month OS rate was 61.7% (95% CI 48.2-73.9) for combined treatment. However, the 30-month OS for systemic treatment was 57.6% (95% CI 44.1-70.4), higher than anticipated. Median OS was 45.3 months for combined treatment and 40.5 months for systemic treatment (p = 0.22). The PFS rate at 3 years for combined treatment was 27.6% compared with 10.6% for systemic treatment only (HR 0.63; 95% CI 0.42-0.95; p = 0.025). Median PFS was 16.8 months (95% CI 11.7-22.1) and 9.9 months (95% CI 9.3-13.7), respectively. The study met the primary end point on 30-month OS; however, the results in the control arm were in the same range. RFA plus systemic treatment resulted in significantly longer PFS. At present, the ultimate effect of RFA on OS remains uncertain.

Experience from Gastrointestinal Stromal Tumors {#sec2_5}
-----------------------------------------------

Another very interesting albeit completely different indication for local treatment in metastatic disease comes from gastrointestinal stromal tumors (GIST): Therapy with tyrosine kinase inhibitors (TKI) benefits over 80% of patients with advanced GIST, but most patients eventually develop drug resistance. The surgical approach that has been studied in GIST concerns development of focal resistance. Authors from New York investigated if resection of resistant clones following tumor shrinkage and control with TKI may improve outcome \[[@B32]\]: 40 patients with metastatic GIST were treated with TKI and then underwent surgical resection. Based on the growth of their tumors monitored by serial radiologic imaging, patients were categorized at the time of operation as having responsive disease, focal resistance (1 tumor growing), or multifocal resistance (more than 1 tumor growing). Patients were followed for a median of 15 months (range 6-46 months) after surgery. Initially, molecular therapy achieved stable disease or a partial response in all but 1 patient. Surgery was performed after a median of 15 months. After operation, the 20 patients with responsive disease had a 2-year PFS of 61% and a 2-year OS of 100%. In contrast, the 13 patients with focal resistance progressed after surgery at a median of 12 months, and 2-year OS was 36%. The 7 patients with multifocal resistance progressed postoperatively at a median of 3 months and had a 1-year OS of 36%. In conclusion, selected patients with metastatic GIST, who have responsive disease or focal resistance to TKI therapy, may benefit from elective surgical resection. Surgery for patients with metastatic GIST, who have multifocal resistance, is generally not indicated.

In summary, in disease states where metastatic spread is confined to one compartment and where its extent can be controlled by local treatment, acceptable outcomes can be achieved. Locoregional treatment is often combined with systemic therapy. The goal of local treatment is to eradicate the disease as completely as possible. If this goal is not achieved, survival outcomes are no better than with conservative treatment alone. Another less frequent indication for local treatment is the ablation of focal resistant clones in disease states that have previously been successfully controlled with drug therapy. This indication is a valid option in GIST that develop focal resistance following medical treatment.

Future End Points and Perspectives {#sec1_5}
==================================

The longer patients with advanced cancer survive due to the increasing availability of active drugs, and the more technical innovations in the field of locoregional treatment we see, the more locoregional treatment is being used in oncology. How can we create evidence about the value of these treatment modalities? In general, current and future studies should adopt the following three approaches (fig. [3](#F3){ref-type="fig"}).

Conventional Study End Points {#sec2_6}
-----------------------------

While a list of accepted study end points has been developed for cancer drug approval (table [1](#T1){ref-type="table"}) \[[@B33]\], no accepted and generally applied selection of end points exists for locoregional treatment modalities. It could be called into question whether end points for drug treatment can be applied for the assessment of locoregional treatment efficacy. As locoregional treatment should always be a part of a multimodality treatment strategy, it will be much more demanding to test for the durable effect of one of the applied modalities. This is particularly true as the disease states in which locoregional treatments are applied tend to be heterogeneous. This renders it demanding to standardize or narrow down the study selection criteria. Experience teaches us that studies in which locoregional treatment is tested are difficult to conduct and slow to recruit patients \[[@B31]\]. Treatment outcomes can barely be foreseen due to the multiple influences from other treatment modalities and subsequent lines of treatment. Last but not least, difficulties may arise in obtaining funding for adequately powered clinical studies.

Assessment of Biological Effects of Locoregional Treatment {#sec2_7}
----------------------------------------------------------

The use of local treatment in GIST may give direction to future approaches to locoregional treatment in general. Can the implementation of local ablation and cytoreduction treatment impact on the biology of the disease? As we progress in our understanding of tumor evolution and heterogeneity, it may be that the early integration of cytoreduction also leads to a reduction in cells from which drug resistance-defining alterations emerge, especially when patients have to be treated with anticancer drugs over a longer period of time. In the area of solid tumor oncology, it is notoriously difficult to study these mechanisms as tumor material is often difficult to obtain and sequential sampling during treatment is obsolete in the majority of cases. However, nowadays, with the emerging techniques of plasma DNA investigation by different methodologies, the situation may change \[[@B34],[@B35]\]. The ability to detect and quantify tumor mutations has proven effective in tracking tumor dynamics in real time as well as serving as a liquid biopsy that can be used for a variety of clinical and investigational applications not previously possible. It is now time to move forward and to design clinical studies assessing the effect of local treatment on tumor evolution and development of drug resistance by using liquid biopsy techniques.

Patient-Reported Outcomes {#sec2_8}
-------------------------

In the vast majority of indications, local therapies in stage IV are used with palliative intent. The major goal of palliative treatment is to prolong survival, to control symptoms, and to maintain quality of life. It is more than reasonable to look at these achievements from a patient\'s perspective. Very recently, it was advocated in the *New England Journal of Medicine* that we should move toward 'patient-centered drug development' in oncology \[[@B36]\]. In another article, it was emphasized that assessing participant-centered outcome should be strengthened to improve clinical research in general \[[@B37]\]. Better symptom control, avoiding never-ending sequences of cytotoxic drug therapies, and delaying tumor progression at critical sites are effects achievable by implementing local therapies, which may have a major impact on patientss\' quality of life and satisfaction with care. Why not ask the patients about their perception of local treatment in advanced cancer? It is time to move into this direction. The palliative care research community has shown the right way in demonstrating that early integration of palliative care does not only prevent futile chemotherapy and prolong survival but also has a major impact on patient-centered quality of life, symptom control, and satisfaction with treatment \[[@B38],[@B39]\].
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###### 

Clinical trial end points for the approval of cancer as recommended by the American Food and Drug Administration \[[@B33]\]

  End point                                                                                                     Regulatory evidence                                                                       Study design                                                                                                          Advantages                                                                                                                                                                                                                                Disadvantages
  ------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Overall survival                                                                                              clinical benefit for regular approval                                                     randomized studies essential; blinding not essential                                                                  universally accepted direct measure of benefit; easily measured; precisely measured                                                                                                                                                       may involve larger studies; may be affected by crossover therapy and sequential therapy; includes noncancer deaths
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Symptom end points (patient-reported outcomes)                                                                clinical benefit for regular approval                                                     randomized blinded studies                                                                                            patient perspective of direct clinical benefit                                                                                                                                                                                            blinding is often difficult; data are frequently missing or incomplete; clinical significance of small changes is unknown; multiple analyses; lack of validated instruments
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Disease-free survival                                                                                         surrogate for accelerated approval or regular approval[^a^](#T1F1){ref-type="table-fn"}   randomized studies essential; blinding preferred; blinded review recommended                                          smaller sample size and shorter follow-up necessary compared with survival studies                                                                                                                                                        not statistically validated as surrogate for survival in all settings; not precisely measured; subject to assessment bias, particularly in open-label studies; definitions vary among studies
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Objective response rate                                                                                       surrogate for accelerated approval or regular approval[^a^](#T1F1){ref-type="table-fn"}   single-arm or randomized studies can be used; blinding preferred in comparative studies; blinded review recommended   can be assessed in single-arm studies; assessed earlier and in smaller studies compared with survival studies; effect attributable to drug, not natural history                                                                           not a direct measure of benefit; not a comprehensive measure of drug activity; only a subset of patients who benefit
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Complete response                                                                                             surrogate for accelerated approval or regular approval[^a^](#T1F1){ref-type="table-fn"}   single-arm or randomized studies can be used; blinding preferred in comparative studies; blinded review recommended   can be assessed in single-arm studies; durable complete responses can represent clinical benefit; assessed earlier and in smaller studies compared with survival studies                                                                  not a direct measure of benefit in all cases; not a comprehensive measure of drug activity; small subset of patients with benefit
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
  Progression-free survival (includes all deaths) or time to progression (deaths before progression censored)   surrogate for accelerated approval or regular approval[^a^](#T1F1){ref-type="table-fn"}   randomized studies essential; blinding preferred; blinded review recommended                                          smaller sample size and shorter follow-up necessary compared with survival studies; measurement of stable disease included; not affected by crossover or subsequent therapies; generally based on objective and quantitative assessment   not statistically validated as surrogate for survival in all settings; not precisely measured; subject to assessment bias particularly in open-label studies; definitions vary among studies; frequent radiological or other assessments; involves balanced timing of assessments among treatment arms

Adequacy as a surrogate end point for accelerated approval or regular approval is highly dependent upon other factors such as effect size, effect duration, and benefits of other available therapy.
